Abstract. We investigated the abundance and species richness of heteropteran bugs and explored environmental factors which influence bug diversity in three types of semi-natural habitats (wildflower areas, extensively used meadows, extensively grazed pastures). To cover this topic, it is essential to know how much the relatively young wildflower areas contribute to biodiversity compared with well-established extensive meadows and pastures. Total bug species richness and phytophagous bug species richness were significantly higher in wildflower areas and meadows than in pastures. In wildflower areas, we found the highest number of zoophagous bug species and species overwintering in the egg-stage. Species overwintering as adults were most abundant in meadows. Total number of bug species as well as species richness in either trophic groups and overwintering strategies were significantly positively correlated with vegetation structure. Except for overwintering strategies, the same was true to bug abundance. The bug community based on the number of individuals per species was significantly explained by flower abundance and vegetation structure, accounting for 18.4 and 16.8% of the variance, respectively. Our results indicate that vegetation structure and flower abundance are key factors for bug species richness, abundance and bug species composition. Since wildflower areas and meadows clearly increased bug species richness and contained several specialised bug species that did not occur in pastures, we recommend the promotion of wildflower areas and extensively used meadows in order to restore both high heteropteran diversity and overall insect biodiversity in agricultural landscapes.
Introduction
In recent decades a dramatic decrease of biological diversity in European agricultural landscapes can be observed Marshall and Moonen 2002) . The rapid decline in plant and animal species diversity in modern agricultural landscapes can be explained by two main causes. Firstly, most species disappear from agroecosystems due to habitat destruction by increased farming intensity, a deterministic cause of extinction (Tscharntke and Kruess 1999) . Secondly, reductions in population size caused by habitat fragmentation lead to further stochastic species losses (Baur and Erhardt 1995; Steffan-Dewenter and Tscharntke 2000) . European countries are dominated by agricultural landscapes (Jedicke 1994) . Therefore, habitat management schemes in these areas have a particularly high potential to restore overall biodiversity and enable the survival of many species in modern cultivated landscapes. Invertebrates play an important role as major contributors to total biodiversity on farmland and as food for vertebrates, such as farmland birds (Fuller et al. 1995; McCracken and Bignal 1998) . In response to an increasing awareness of the rapid decline of biological diversity, several approaches are currently being introduced to reduce this process. Since 1993, Swiss farmers have been financially supported to maintain ecological compensation areas such as wildflower areas, extensively managed grasslands, hedges or orchards (Ullrich and Edwards 1999) . Such non-cropped areas provide food resources, shelter and hibernation sites for insects and spiders which make different demands on their habitat (Lagerlo¨f and Wallin 1993; Steffan-Dewenter and Tscharntke 1997; Frank 1999; Keller and Ha¨ni 2000) . Considering the differential habitat use of arthropods means that only a mosaic of different habitats can guarantee high species diversity in the agricultural landscape (Greiler 1994; Duelli and Obrist 2003) . The purpose of ecological compensation areas is not only to enhance biodiversity in intensively used arable land, but also to increase the numbers of natural enemies of herbivores that feed on arable crops and their potential for natural pest control (Thomas et al. 2001; Barone and Frank 2003) . Because every habitat type has specific structural characteristics we assume that various habitat types contain differential insect communities. Consequently, the creation of different kinds of compensation areas is desirable to achieve high insect biodiversity. In this study three types of semi-natural habitats are explored, namely wildflower areas, extensively used meadows and extensively grazed pastures. Wildflower areas (a term synonymous with wildflower or weed strips) were developed in the late 1980s, thereby being a relatively young type of ecological compensation area on Swiss farmland (Nentwig 1988) . The number of wildflower areas is continuously growing and this type of semi-natural area was previously shown to enhance species richness and abundance of arthropods remarkably (e.g. Lys and Nentwig 1992; Frank 1998) . While wildflower areas turned out to be important habitats for encouraging arthropod diversity, nothing is known about how much they contribute to biodiversity compared with well-established compensation areas such as extensively used meadows and extensively grazed pastures. Such meadows and pastures are well-tried types of ecological compensation areas being more common than wildflower areas. Extensive use of meadows and pastures is known to increase overall diversity of insects, including heteropteran bugs (Morris 2000; Di Giulio et al. 2001; Kruess and Tscharntke 2002) . Tscharntke and Greiler (1995) showed that invertebrate diversity in grassland ecosystems could be predicted by using botanical parameters such as floral diversity or other characteristics of vegetation structure. Considering the influence of environmental parameters (plant species richness, vegetation structure, flower abundance, field size, surrounding landscape structure) on insect diversity in different semi-natural habitats appears to be useful to quantify the effect of measures enhancing biodiversity in the agricultural landscape. True bugs (Heteroptera) were chosen as an indicator group for insect diversity because they are an ecologically very diverse group, including phytophagous and zoophagous species as well as generalists and specialists (Dolling 1991) . Furthermore both larvae and adults live in the same habitat and react sensitively to environmental changes (Morris 1969 (Morris , 1979 Otto 1996) . Additionally, bug species richness was found to correlate strongly with total arthropod richness in cultivated landscapes, making bugs an excellent group for biodiversity evaluation (Duelli and Obrist 1998) .
The objectives of our investigation were (i) to show whether bug species richness, abundance and assemblages differ significantly among wildflower areas, extensively used meadows and pastures, and (ii) to determine common key factors significantly influencing bug species richness, abundance and the bug community based on the number of individuals per species. It is essential to know how much each type of semi-natural habitat contributes to heteropteran diversity in agroecosystems, particularly in terms of the comparison between the newly established wildflower areas with the well-tried extensive meadows and pastures. This knowledge can be used as a tool to make recommendations about which types of ecological compensation areas should particularly be promoted.
Material and methods

Research area and study sites
The study was carried out from the end of May to the end of September 2002 in the western part of Bern, an intensively used arable region in Switzerland. The area containing the study sites measured about 9 km 2 . Three types of seminatural habitats were studied (wildflower areas, extensively used meadows, extensively grazed pastures), using five replicates for each habitat type. Wildflower areas have a minimum width of 3 m and are sown with a standard wildflower mixture of indigenous arable weeds, meadow and ruderal plant species (Gu¨nter 2000) . They are maintained for at least 2 years and a maximum of 6 years and the use of pesticides and fertilisers is not allowed. From the second year on, one half of the area may be mown in a yearly rotation after the flowering period. Extensively used meadows are sown with a standard mixture consisting of 95% grass and 5% herb seeds. No fertilisers and pesticides are allowed. Extensively used meadows have to be mown at least once a year but not before 15 June. The five meadows surveyed were mown twice in the sampling period. The five wildflower areas and the five meadows were sown in spring 1999. The five pastures studied were extensively managed since spring 1999, the time before they were managed intensively. Mean grazing intensity in the extensively used pastures surveyed was 2.7 ± 0.2 cattle ha À1 . Except for cow-pats, usage of additional fertilisers and pesticides is prohibited (Charollais et al. 1999) . Wildflower areas were dominated by Achillea millefolium, Hypericum perforatum, Leucanthemum vulgare, Origanum vulgare, Pastinaca sativa and Tanacetum vulgare. Plants with a high coverage in meadows were Centaurea jacea, Leucanthemum vulgare, Trifolium pratense and the grasses Dactylis glomerata and Trisetum flavescens. In pastures, the same grasses as in the meadows were dominant. Pastures were further dominated by Trifolium repens and Taraxacum officinale. The 15 study sites were selected to lie in the same climate zone providing similar site conditions in terms of mean annual rainfall, temperature and altitude, which was about 600 m a.s.l. The size of the study sites ranged from 0.05 to 0.4 ha.
Sampling methods and bug parameters
Between the end of May and the end of September 2002, six samples were taken from each study site every 2 or 3 weeks. Sampling was only carried out when the weather conditions were favourable for bug activity, i.e. air temperature of minimum 17°C, sunshine, dry vegetation and moderate air conditions. Sampling was restricted to the period between 9.30 a.m. and 17.00 p.m., and the sampling order of the study sites varied between sampling dates. The heteropteran bugs were collected using a standardised sweep-net method (Otto 1996) . The sweep-net had a diameter of 40 cm and was fitted with a heavy cloth suitable for use in dense vegetation. For each sample, 100 sweeps were made at a constant pace over a transect of about 80 m. The net was emptied after every 25th sweep, resulting in four subsamples per site at each sampling date. Afterwards, the four subsamples were pooled and insects were killed immediately with ethyl acetate (C 4 H 8 O 2 ). For data analysis, bug abundance (total number of adults and larvae per site) and bug species richness (total number of adult bug species per site) were used. Moreover, two functional groups were analysed considering the trophic level and the overwintering strategy of bugs, by separating into zoophagous (including zoophytophagous species) and phytophagous species, as well as species overwintering as eggs and species overwintering as adults. The adult bugs were determined with the help of entomological handbooks and publications (Wagner 1952 (Wagner , 1966 (Wagner , 1967 (Wagner , 1970 (Wagner -1975 Pe´ricart 1983 Pe´ricart , 1984 Pe´ricart , 1987 Pe´ricart , 1998 and the nomenclature followed Gu¨nther and Schuster (2000) . Larvae were only counted, but not determined to species level.
Environmental factors
To examine the influence of vegetation factors on bug species richness, bug abundance and bug communities, plant species richness, flower abundance and vegetation structure were analysed. Plant species richness was surveyed once in June 2002 based on five 1 m 2 plots randomly chosen in every site. Vegetation structure and flower abundance were analysed six times during the bug sampling period. The sampling locations were ordered every 2 m along a transect of 50 m, resulting in 26 replicates per sampling date. These 50 m transects were located in the transects where the heteropteran bugs were collected. Flower abundance was estimated in a 30 cm · 30 cm square using the following scale: 0 = 0 flowers, 1 = 1-25, 2 = 26-50, 3 = 51-75, 4 = 76-100,5 = >100 flowers/900 cm 2 . To investigate the vegetation structure, a simplified version of the point quadrat method was used (Ku¨nzle 2002) : (a) the sampling was carried out along a transect, (b) instead of a needle a 150 cm long iron rod measuring 8 mm in diameter was used and (c) individual plant species were not taken into account. The iron rod was marked at the heights of 15 cm (soil level), 55 cm (40 cm mark), 95 cm (80 cm mark) and 135 cm (120 cm mark). It was put 15 cm vertically into the soil and every part of a plant, which was in contact with the rod, was counted for each height level separately. For data analysis, however, the arithmetic mean (mean number of plant parts touching the iron rod up to the height of 120 cm) of six subsamples with 26 replicates each was used. Field size and the surrounding landscape structure were calculated using a 1:5000 map. The surrounding landscape structure was surveyed within a square by measuring the area of natural landscape in the surrounding of 300 m width of each site, thereby considering the dispersal range of heteropteran bugs inhabiting open land (Ullrich and Edwards 1999) . In this area the environment was separated into two habitat types: natural landscape (extensively managed meadows and pastures, wildflower areas, ruderal sites, orchards, hedges, woodlands) and others (intensively managed arable land, roads, buildings). None of the surroundings of different study sites did overlap. Field size and percentage of natural landscape structure were used for statistical analyses.
Statistical analyses
For the analysis of the data, all samples were pooled over time, resulting in one sample per site. Flower abundance and vegetation structure were logarithmic and percentage of natural landscape structure was square root transformed to achieve normal distribution and homogeneity of residuals (Zar 1996) . Percentage data were also arcsine transformed. However, for analysis we used square root transformed data, because percentage data were better normally distributed when square root transformed. Bug data were transformed as necessary (for details see Section Result). One-way-ANOVA was performed using the program Systat 10.0 to ascertain differences in bug species richness and abundance as well as differences in environmental factors between the three habitat types. The Tukey-test was carried out for multiple comparisons. To examine the influence of environmental factors on bug species richness and abundance, multiple stepwise linear regression models (backward option) were calculated using the program Systat 10.0. Curve estimations were used to test for best fitting curves of the most explanatory factors using the program SPSS 11.0. In addition to ANOVA and regression models, where only one single value like species richness or abundance is analysed, canonical correspondence analysis (CCA) and correspondence analysis (CA) were calculated using the programme Canoco 4.5 (Ter Braak and Smilauer 2002) . Using CCA and CA, the whole bug community was characterised based on the number of individuals per species and site. Species represented by less than five individuals and occurring in only one site were omitted to reduce noise (Voigt et al. 2003) . CCA and CA were performed using log (x + 0.1)-transformed species data in order to prevent high values from unduly influencing the ordination and to consider zero values. Ordination by CCA was calculated to analyse the influence of environmental factors on the bug community. The significance for each factor in the CCA was obtained by a Monte Carlo test run with 499 permutations. Ordination by CA was used to compare the similarity of the bug species assemblages among the three habitat types.
Results
Bug abundance and species richness in the three habitat types
Altogether we recorded 5029 individuals consisting of 1554 adults and 3476 larvae of 75 bug species. In wildflower areas, we observed 69 species and 1820 individuals (639 adults, 1181 larvae). In meadows, there were 53 species and 1523 individuals (468 adults, 1055 larvae) and 31 species and 1686 individuals (447 adults, 1239 larvae) in pastures. Seventy per cent of all adult individuals and 28 species belonged to the Miridae, which were the dominating family in all habitat types (Table 1) . Seventy-two per cent of all recorded species and 85.5% of the adult individuals were phytophagous, whereas the minority were zoophagous or zoophytophagous, mainly Nabidae and Anthocoridae. Percentages of phytophagous individuals were rather equal in all three habitat types, but percentages of phytophagous species were lower in wildflower areas (69.4%) than in meadows and pastures (77%). Considering the overwintering strategy, 72% of the observed species and 66% of all individuals belonged to bugs overwintering as adults. 12.9% of the species and 20.4% of the individuals collected in pastures overwinter in the egg-stage. In wildflower areas 30.6% and in meadows 20.7% of the species belonged to bugs overwintering as eggs, and percentages of individuals overwintering as eggs were also higher in wildflower areas (42.9%) than in meadows (34.1 %).
The number of bug individuals overwintering in the egg-stage was significantly higher in wildflower areas than in pastures (Figure 1a) . By contrast, no differences were found in individuals overwintering as adults, in either trophic group, and in total bug abundance. The total number of bug species in wildflower areas and meadows was significantly higher than in pastures (Figure 1b) . The same was true to phytophagous bug species (Figure 1c ). For zoophagous species and species overwintering as eggs, significantly larger numbers were observed in wildflower areas compared to pastures (Figures 1d,  e) . Meadows contained significantly more species overwintering as adults than pastures (Figure 1f ).
Factors explaining bug abundance and species richness
We tested the influence of five environmental factors on bug species richness and abundance using stepwise multiple regression. The variability of adult individuals (Figure 2a) , total bug abundance (y = 509.001 log x 1.97 , F = 5.53, R 2 = 0.299, p = 0.035, n = 15), and the number of phytophagous individuals (Öy = 12.465 log x 1.28 , F = 10.91, R 2 = 0.456, p = 0.006, n = 15) and zoophagous individuals (Öy = 5.432 log x 2.02 , F = 7.64, R 2 = 0.37, p = 0.016, n = 15) were best explained by vegetation structure. There was a significant negative relation between individuals overwintering as adults and surrounding landscape structure in a perimeter of 300 m, which accounted for 55.5% of the variance (Figure 2b ). The distribution of bug individuals that are overwintering as eggs was best explained by a negative relationship with field size accounting for 69.3% of the variance (Figure 2c ). Total bug species richness and phytophagous bug species increased significantly with vegetation structure, which explained 40.2% (Figure 2d ) and 54.5% (Figure 2e ) of the variance, respectively. Also the variability of zoophagous bug species Table 1 . Bug families in terms of total numbers of species (sp) and adult individuals (ind) occurring in all sites and in three types of semi-natural habitats, and percentage of individuals per sum.
Family
All (y = À 5.299 + 12.178 log x, F = 13.618, R 2 = 0.512, p = 0.003, n = 15), species overwintering as adults (y = À 2.133 + 8.037 log x À 4.766 log x 2 , F = 6.92, R 2 = 0.535, p = 0.01, n = 15) and species overwintering as eggs (e) Relation between number of phytophagous bug species and vegetation structure: log y = À 2.0132 + 7.7209 log x À 4.5299 log x 2 , F = 7.19, R 2 = 0.545, p = 0.009, n = 15. Vegetation structure and phytophagous bug species richness are logarithmic transformed.
(y = À 5.777 + 13.687 log x, F = 18.017, R 2 = 0.581, p = 0.001, n = 15) were best explained by vegetation structure. Whereas total species richness, zoophagous species and species overwintering as eggs showed a continous increase with progressing vegetation structure (linear model), phytophagous species and species overwintering as adults were saturated at a certain level of vegetation structure (quadratic model), suggesting that these bug features would not increase with additional vegetation structure.
Environmental factors surveyed showed different patterns between the three habitat types. Flower abundance was significantly higher in wildflower areas than in meadows and pastures (Tukey, p < 0.005). Vegetation structure increased significantly from pastures to meadows and wildflower areas (p < 0.05), and pastures were significantly larger in size than wildflower areas (p < 0.005). Plant species richness and surrounding landscape structure in a perimeter of 300 m to the study sites showed no significant differences between the three habitat types. Since vegetation structure and field size differed significantly among habitat types and revealed significant relations with certain bug features, we tested whether these relations were caused by habitat effect rather than by an environmental factor. For that, we calculated multiple regression models where habitat types were dummy coded using meadows as a basis. Only in two of nine regression models (relation between adult bug individuals and vegetation structure, and relation between bug species overwintering as adults and vegetation structure) was there a significant habitat effect, but always explaining less variance than vegetation structure. Accordingly, significant relations found were predominantly due to the environmental factor, and only two relations were caused by both the environmental factor (vegetation structure) plus habitat effect.
Factors influencing bug communities
The bug community was examined relative to environmental factors using canonical correspondence analysis (CCA), which explained 44.2% of the total variance. Of the five environmental factors considered, only flower abundance contributed significantly to the distribution of heteropteran bugs accounting for 18.4% of the variance. The remaining variance was explained by the other factors (Table 2) . A further CCA model excluding flower abundance, which was highly correlated with vegetation structure (Spearman's r s = 0.861, p < 0.001, n = 15), explained 36.7% of the total variance of the bug community. In this model vegetation structure was the only significant factor accounting for 16.8% of the variance. The same results were obtained when CCA models were analysed including also the rare species with less than five individuals. A group of species (Aelia acuminata, Dicyphus globulifer, Stictopleurus punctatonervosus, Capsus ater, Megalocoleus molliculus, Plagiognathus arbustorum) was preferentially or exclusively found in wildflower areas (Table 3 ) and strongly correlated with flower abundance and vegetation structure (Figure 3 ). Notostira elongata, Peritrechus geniculatus, Kalama tricornis, Piesma maculatum and Stenodema laevigata revealed an opposite distribution. They were most abundant in pastures or meadows, and some of them were completely absent from wildflower areas (Table 3) . Species correlated with plant species richness (Orius niger, Himacerus mirimicoides, Rhyparochromus pini, Eysarcoris aeneus, Adelphocoris seticornis) dominated in wildfower areas or meadows and were absent from pastures.
Characterisation of the habitat types
In the correspondence analysis (CA) the cumulative percentage explained by the first two axes was 36.2%. CA exhibited distinct clustering of the three habitat types. Except for one site, the bug community within the wildflower areas was very similar but clearly separated by axis 2 from communities of meadows and pastures. Bug species assemblages of pastures and wildflower areas were most separated, while meadows were more similar to pastures (Figure 4 ).
Discussion
The dominance of the bug families Miridae, Nabidae and Rhopalidae sampled by sweep-netting in our study is typical for semi-natural habitats in cultivated landscapes (Ku¨nzle 2002) . Wildflower areas were characterised by oligophagous mirid species and mirids overwintering as eggs, and the rhopalid S. punctatonervosus. In meadows and pastures we recorded more generalists and species overwintering as adults and bivoltine species such as the mirids N. elongata, N. erratica and L. rugulipennis (Wagner 1952 (Wagner , 1966 Rieger 1978) . Nabid species reached moderate abundances in all habitat types. Our results clearly showed that total bug species richness and richness of both functional groups were usually lower in pastures than in wildflower areas and meadows. Except for individuals overwintering as eggs, however, numbers of individuals were never significantly different between any habitat type. CA revealed that the species composition of pastures was quite similar to that of meadows, but clearly separated from communities in wildflower areas. In all situations but two (individuals overwintering as adults and eggs), vegetation structure was the best explanatory factor for the distribution of bug species richness and abundance. Among the factors analysed, flower abundance and ; Nabbre, Nabis brevis Sz; Nabfer, Nabis ferus L.; Nabpse, Nabis pseudoferus Rem.; Nabpun, Nabis punctatus AC.; Nabrug, Nabis rugosus L.; Notelo, Notostira elongata Geoffr.; Noterr, Notostira erratica L.; Orimaj, Orius majusculus Reut; Orinig, Orius niger Wff; Pergen, Peritrechus geniculatus Hahn; Piemac, Piesma maculatum Lap.; Plaarb, Plagiognathus arbustorum F.; Rhypin, Rhyparochromus pini L.; Stebin, Stenotus binotatus F.; Stecal, Stenodema calcarata Fall.; Stelae, Stenodema laevigata L.; Stipun, Stictopleurus punctatonervosus Gz.; Tricae, Trigonotylus caelestialium Kirk. vegetation structure were the factors best explaining bug features. Because flower abundance and vegetation structure were highly correlated, they were representative of each other. Thus, regression and CCA models led to the same pattern, indicating that both vegetation structure and flower abundance were key factors influencing species richness, abundance (regression) and bug species composition (CCA).
Although in previous studies plant species diversity was of high predictive value for arthropod species diversity (Dramstad and Fry 1995; Tscharntke and Greiler 1995; Ku¨nzle 2002 ) and larval survival of plant feeding heteropteran bugs (Di Giulio and Edwards 2003) , in our study vegetation structure expressed by the mean number of plant parts touching a rod was a more important factor for the explanation of bug distribution. Similarly, vegetation cover abundance, a habitat characteristic comparable to vegetation structure of the present study, was observed to be among the best predictors of arthropod abundance (Borges and Brown 2001) . Huusela-Veistola and Vasarainen (2000) showed that abundance and species richness of leafhoppers in grass strips seemed to be more dependent on structural diversity of vegetation than on plant species richness per se. Brown et al. (1992) revealed that leafhopper assemblages were strongly affected by plant architecture as determined by grazing treatment, but not by plant species composition except for a few specialists. Intense grazing can reduce arthropod species diversity and abundance (Morris 1967; Gibson et al. 1992; Curry 1994) , but it also affects grassland through the selectivity of grass feeding by herbivorous vertebrates, e.g. by locally eliminating vegetation, by causing mini successions, or through trampling and fertilising. These facts influence floral composition, which in turn affects insect communities (Tscharntke and Greiler 1995) . Murdoch et al. (1972) showed that ungrazed grasslands supported higher resource heterogeneity for insects than pastures, because vegetation height was greater and thus plant architecture more complex. Kruess and Tscharntke (2002) observed a general trend of higher insect diversity on ungrazed grassland compared with grazed pastures. In contrast to a mown meadow, a lightly grazed pasture is heterogeneous in its vertical vegetation structure. Nevertheless, total bug species, phytophagous bug species and species that are overwintering as adults were more frequent in the meadows than in the pastures. The investigated meadows were cut twice in the sampling period. Perhaps this disturbance by immediately removing the vegetation cover was not as big as the more continuous disturbance by grazing. Morris (1979) showed for N. elongata that the timing of life cycle in relation to the timing of management is important. N. elongata has two generations per year and was therefore less susceptible to cutting than univoltine grassland mirids. Furthermore, N. elongata usually was not significantly more common in untreated grassland compared with cut plots. N. elongata was the most abundant bug species in our study sites. It reached much higher densities in pastures and meadows than in wildflower areas, which shows that its phenology well fitted to the management regimes and further supports the observations described above. There were significantly more zoophagous bug species in wildflower areas than in pastures, whereas numbers of zoophagous individuals showed no differences between the habitat types. The reason why we only found differences in species number is due to the fact that several rare species occurred in wildflower areas, but were absent from pastures. In the regression models the variability of both zoophagous bug species and zoophagous individuals were best explained by vegetation structure, which confirms previous findings revealing that zoophagous bug species were positively correlated with vegetation structure (Ku¨nzle 2002) . Highly structured vegetation supports large insect populations by providing a greater potential surface for colonisation and more resources, such as oviposition, resting and overwintering sites (May 1973; Price et al. 1980; Lawton and Strong 1981; Lawton 1983) . These advantages could explain the positive response of zoophagous bug species and individuals to vegetation structure. Due to denser and higher vegetation, predators find more hiding places and cover from their own enemies (Lagerlo¨f and Wallin 1993; Morris 2000) . Furthermore, richly structured habitats are colonised faster by prey populations (White and Hassal 1994) , which may favour the nutritional conditions of zoophagous bugs. Although pollen seems of poor value for development and reproduction of bugs, it perhaps represents an indirect cue for finding developing prey populations (Fauvel 1999) . Prey populations such as thrips, aphids and psyllids were shown to be attracted by flower abundance (Russel 1989; Fauvel 1999) , which was highest in wildflower areas in our study. We found most individuals of the zoophagous bugs O. niger, O. majusculus, H. mirmicoides and N. pseudoferus in wildflower areas.
The abundance of bugs, which are overwintering as eggs, was negatively associated with field size. Our results agree with previous research on Hemiptera (Sanderson 1992) and are supported by a study reflecting high butterfly densities in small habitats as an accumulation of individuals from the surrounding landscape, as these fragments provide the only attractive habitat patches (Steffan-Dewenter and Tscharntke 2000). In our study sites, field size was strongly negatively correlated with vegetation structure (Spearman's r s = À 0.856, p < 0.001, n = 15). This means that the smaller wildflower areas showed a complex vegetation structure in contrast to the larger pastures that featured a low vegetation complexity, indicating that wildflower areas offer better possibilities for laying eggs. One may assume that the negative relationship between bug individuals overwintering as eggs and field size was caused by the different vegetation structures in habitat types, rather than by field size. However, partial correlation using vegetation structure as control variable revealed that there was a real relationship between bug individuals overwintering as eggs and field size (partial correlation coefficient = À0.625, p = 0.017). Species overwintering as eggs depend on food plants in their overwintering site for development in spring, and thus cannot use annual plants (Wagner 1966; Ullrich 2001) . This agrees with our study where many host plants of bug species overwintering in the egg-stage, such as Achillea, Tanacetum, other Asteraceae and Urtica, were most abundant in wildflower areas. The amount of natural landscape surrounding a site had a negative effect on bug individuals overwintering as adults. Such individuals can disperse directly after overwintering, thereby being independent of host plants at hibernation sites. Therefore, we assume that bugs overwintering as adults in fairly monotonous areas colonise semi-natural areas where they find more favourable conditions for nutrition and reproduction. However, bugs overwintering in more heterogenous areas may stay there and not colonise our study sites, which may have caused the negative relation between adult overwinterers and surrounding landscape structure.
In the CCA, frequencies of certain bug species were strongly related to vegetation structure and flower abundance, which can be explained by the fact that these two environmental factors were positively correlated. Many species showing a correlation with flower abundance and vegetation structure belonged to the Miridae and were only abundant in wildflower areas. P. arbustorum feeds on Urticaceae, M. molliculus on Tanacetum and Achillea, and D. globulifer on Melandryum. These findings are supported by the fact that they depend on perennial host plants, which almost exclusively occurred in wildflower areas. Leptopterna dolobrata is feeding on grasses (Alopecurus, Dactylis, Phleum). Thus this species would be expected to be more frequent in meadows and pastures where these grasses are common. In former surveys L. dolobrata was adversely affected in its abundance by intensive management, thus was reduced by both frequency of cutting and early cuts (Di Giulio et al. 2001) . Since the females lay their eggs on the bottom part of grass stems (Kullenberg 1944) , damage to the eggs does probably not occur, but larval development may be the critical phase because it takes place in June, when the extensively used meadows were cut. This may have been the reason for very low numbers of L. dolobrata in meadows and pastures.
In general, our results indicate that vegetation structure and flower abundance are of high predictive value for bug species richness, abundance and bug species composition. Wildflower areas and extensively used meadows had higher vegetation structure than extensively grazed pastures, and wildflower areas also comprised higher flower abundance compared with pastures. Wildflower areas and extensively used meadows contained a number of specialised bug species, while the pastures were characterised by common and widespread species, which also occurred in meadows or wildflower areas. Since wildflower areas and meadows clearly increased total bug species richness and the majority of species occurring in extensively grazed pastures could also be found in the other two habitat types surveyed, we recommend the promotion of wildflower areas and extensively used meadows in order to restore high heteropteran diversity in modern cultivated landscapes. This recommendation is of practical relevance because the semi-natural habitats studied are part of agri-environment schemes supported by the Swiss government and management prescriptions can be modified easily.
